Dural arteriovenous fistulas (dAVFs) of an anterior cranial fossa are rare. Because of the high risk of intracranial hemorrhage and relatively easy access for direct surgery, aggressive treatment has been recommended. The natural history of anterior cranial fossa dAVFs (ACF dAVFs) is unclear in spite of many reports for the natural history of general dAVFs. To treat ACF dAVFs, direct surgery has traditionally been performed and endovascular surgery has recently been introduced. A 74-year-old man was transferred with severe consciousness disturbance and presented with devastating intracerebral hemorrhage on the CT scan. Digital subtraction angiography revealed the ACF dAVFs with a large venous pouch. The patient received direct surgery, nevertheless he became vegetative state. Later on, a smaller venous pouch was recognized on the CT scan when he had suffered from the thalamic hemorrhage sixteen months before. There are twelve cases including our case which was treated for a certain period and documented in detail. Eleven of twelve cases were asymptomatic. Three of the six cases with a venous pouch had some events possibly related to the disease, though none of the six cases without a venous pouch had any events during observation. In conclusion, an ACF dAVF with a venous pouch should be treated by direct surgery or endovascular surgery even if it is incidentally found. By contrast, careful observation might be a possible therapeutic option for an ACF dAVF without a venous pouch if there is mild reflux flow.
Introduction
Dural arteriovenous fistulas (dAVFs) comprise approximately 10% -15% of all intracranial arteriovenous malformations [1] [2] . Most of them are located in the posterior fossa or in the region of the cavernous sinus [3] - [5] . Anterior cranial fossa (ACF) dAVF, also called as ethmoidal dAVF, was first described by Lepoire et al. in 1963 [6] and is relatively rare. These dAVFs account for about 5.8% of all intracranial dAVFs [7] and have suggested a distinct subgroup for the typical features including a strong male predominance and a high incidence of hemorrhage. ACF dAVF generally has the typical pattern of venous drainage, with the cortical drainage vein draining into the superior sagittal sinus and often a venous sac along the abnormal vein. These fragile venous systems carry high risk of disruption and are considered to be responsible for intracranial hemorrhage [8] - [12] . Since the dAVFs of the anterior cranial fossa should be treated even if asymptomatic at the time of diagnosis due to a higher risk of hemorrhage or neurological deficits [13] . In consequence, there are few reports about the natural history of ACF dAVFs despite many reports for general dAVFs. In this report, we presented a case of an ACF dAVF with severe intracranial hemorrhage whose venous pouch was not recognized at the time of the thalamic hemorrhage sixteen months before, and reviewed the literature to clarify its natural history.
Case Report
A 74-year-old man was transferred to our institute with severe impairment of consciousness. On admission, his Glasgow Coma Scale was 4 (E1V1M2) and he exhibited partial loss of brain stem reflexes. CT scan showed a large hematoma in the right frontal lobe with subdural and intraventricular hemorrhage. A more noteworthy finding was that suspicious vascular dilatation was located next to the intracerebral hematoma (Figure 1) . Digital subtraction angiography (DSA) disclosed the presence of the dural arteriovenous fistula (dAVF) at the right anterior cranial fossa and fed mostly by the bilateral anterior ethomoidal arteries and partially by the falcine branch of the left middle meningeal artery, and the dAVF drained into the frontal cortical vein with a large venous pouch which coursed to the superior sagittal sinus (Figure 2) .
During angiography, his bilateral pupils were dilated. He immediately received right frontal craniotomy and evacuation of the hematoma. On opening the dura mater, the intracerebral hematoma penetrated the frontal lobe and arterial bleeding occurred. After removing the hematoma, it was obvious that his arterial bleeding was caused by a venous pouch. The venous pouch and the dilated drainer were occluded by electrocoagulation with obliteration of the fistula.
Later on, we had a chance to recheck the CT scan which had been taken 16 months previously when the patient had suffered from a right thalamic hemorrhage. It revealed that the existence of the venous pouch at the right anterior cranial fossa and that the pouch had been smaller than in the onset of the massive hemorrhage ( Figure 3) . Post-operative DSA showed the dAVF was completely occluded (Figure 4) . The patient survived after the surgery but remained in a vegetative state. 
Discussion
Dural arteriovenous fistulas (dAVFs) of an anterior cranial fossa have several clinical characteristics. They are relatively rare, and have a male predominance (80% -85%) [14] , an elderly onset [15] , almost always drain via pial veins, and are associated with a high incidence of intracranial hemorrhage, ranging from 62% to 91% [7] [9] . With respect to the evidence of male predominance and the late onset, Geibprasert et al. proposed a new embryological classification of dAVFs. They suggested that fistulas located in the lateral epidural space, which included the lamina cribrosaossisethmoidalis, were strongly predominant in men, whereas those located in the ventral epidural space, which included the basioccipital bone, the sigmoid sinus, the petrosal pyramid and the basisphenoid, were more common in women. Furthermore, the shunt of the lateral epidural group was also present in elder subjects and always accompanied by cortical venous reflux (CVR) [16] .
As for general dAVFs, Awad et al. reported that leptomeningeal venous drainage, venous pouch, and galenic drainage correlated significantly (p < 0.05) with aggressive neurological presentation [17] . van Dijk et al. mentioned persistence of the cortical venous reflux (CVR) in cranial dAVFs yielded an annual mortality rate of 10.4% and that the annual risk for hemorrhage or nonhemorrhage neurological deficit during follow-up was 8.1% or 6.9%, respectively, resulting in an annual event rate of 15.0%, so that these numbers mandated prompt diagnosis and treatment of these aggressive lesions [18] . On the other hand, Strom et al. concluded annual event rates of asymptomatic dAVFs with CVR were 1.4% and had less aggressive clinical course than symptomatic dAVFs with CVR [19] .
The natural history of an anterior cranial fossa (ACF) dAVF is not fully understood because direct surgery have been strongly recommended due to the high risk of bleeding and relatively easy access to disconnect the fistula [20] . There are few cases histories of untreated ACF dAVFs. Twelve cases of the ACF dAVFs including our case that were observed for a certain period and documented in detail have been reported ( Table 1 ) [14] [20]- [27] . The mean age at radiological recognition was 62.8 years old with a range between 47 and 76 years old, and only one case showed small intracranial hemorrhage at diagnosis, that is, eleven cases were found as asymptomatic ACF dAVFs. Almost all feeders were ethmoidal arteries arisen from ophthalmic arteries and draining frontal pial veins flowed into the superior sagittal sinus in eleven cases. Three cases with events possibly related to the disease during the follow-up period accompanied an obvious venous pouch (Cognard Type IV [28] ). Two of the three cases presented severe intracerebral hemorrhage and one showed an enlargement of the venous pouch. Nine cases were performed curative operations or discontinued follow-up without any related event. As a result, half of Cognard Type IV had bleeding or very close to bleeding although all of Cognard Type III [28] had no bleeding during observation.
In our case, the patients had developed a thalamic hemorrhage and a venous pouch had unfortunately been overlooked, finally bleeding from the venous pouch resulted in serious neurological deficits. The draining pial vein flowed into the superior sagittal sinus, not the cavernous sinus or other deep venous systems. Therefore, his ACF dAVF was considered to be no relation to the thalamic hemorrhage and asymptomatic at the time.
It is well known that direct surgery to disconnect the fistula near a cribriform plate is sufficient and relatively safe. Because of less morbidity of direct surgery and poor outcome after bleeding, direct surgery has been strongly recommended. Until recently, transarterial embolization via the ophthalmic artery or transvenous embolization via draining vein independent of sinuses was at risk of retinal ischemic complications or very difficult to access. There are several successful reports of transarterial or transvenous embolization for the ACF dAVFs [29] - [32] . Endovascular treatment can be selected in some cases.
For an ACF dAVF with a venous pouch, direct surgery or endovascular surgery must be considered regardless of whether symptoms are present or not because of the high risk of bleeding. But for an ACF dAVF without a venous pouch, therapeutic decision making should be based on radiological findings since Cognard Type III ACF dAVF might be less dangerous.
Conclusion
We experienced the case of the anterior cranial fossa dural arteriovenous fistula (ACF dAVF) which resulted in vegetative state because its venous pouch had been overlooked. By reviewing the literature, it is clarified that an ACF dAVF with a venous pouch (Cognard type IV) should be treated by direct surgery or endovascular surgery as previously believed even if it is incidentally found. Conversely, careful observation might be one possible therapeutic option for an anterior cranial fossa dAVF without a venous pouch (Cognard type III) in the case of mild reflux flow. In conclusion, it is important to circumspectly decide the strategy for ACF dAVFs with consideration of the symptoms, the existence of a venous pouch, and the amount of venous reflux.
